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The northwest-southeas t t r e n d i n g C e r r o P r i e t o f a u l t is p a r t of a major r e g i o n a l l i n e a m e n t that e x t e n d s i n t o Sonora and has c h a r a c t e r i s t i c s of both a wrench f a u l t and a n o c e a n i c t r a n s f o r m f a u l t . It a p p a r e n t l y p e n e t r a t e s deep i n t o t h e b s e m e n t and c r u s t a l r o c k s i n t h e area and s e r v e s a s a c o n d u i t f o r both l a r g e and r a p i d h e a t flow. Near w e l l M-103, where t h e M i c h o a d n f a u l t zone o b l i q u e l y i n t e r s e c t s a s h o r t e r n o r t h e a s t -s o u t h w e s t t r e n d i n g f a u l t , l a r g e c i r c u l a t i o n l o s s e s d u r i n g d r i l l i n g i n d i c a t e g r e a t e r p e r m e a b i l i t y and hence i n c r e a s e d n a t u r a l c o n v e c t i v e f l u i d flow.
I n t h e s o u t h e r n p o r t i o n of t h e f i e l d , t h e r e is a s h e a r f a u l t zone in t h e v i c i n i t y of w e l l s M-48, M-91, and M-101.
Temperature c o n t o u r maps s u g g e s t t h a t t h i s s h e a r zone a i d s i n r a p i d l y d i s t r i b u t i n g geothermal f l u i d away from t h e C e r r o P r i e t o f a u l t zone, t h u s enhancing recharge.

We have s t u d i e d the d i s t r i b u t i o n of l i t h o l o g i e s and t e m p e r a t u r e w i t h i n t h e f i e l d by comparing d a t a
from w e l l c u t t i n g s , c o r e s , w e l l l o g s , and geochemical a n a l y s e s . Across t h e earliest developed p o r t i o n of t h e f i e l d , i n p a r t i c u l a r a l o n g a 1.25-km n o r t h e a s t -s o u t h w e s t s e c t i o n from w e l l M-9 t o M-10, i n t e r e s t i n g c o r r e l a t i o n s emerge t h a t i n d i c a t e a r e l a t i o n s h i p among l i t h o l o g y , m i c r o f r a c t u r i n g , and t e m p e r a t u r e d i s t r i b u t i o n .
In the upper p o r t i o n of R e s e r v o i r A o f t h i s s t r a t i g r a p h i c s e c t i o n . between
1200 and 1400 m y the p e r c e n t a g e of s a n d s t o n e s r a n g e s from 20 t o 55. Temperatures are 225O t o 275OC b a s e d on w e l l l o g s , c a l c i t e i s o t o p e maxima, and Na-K-Ca i n d i c e s . Our s t u d y shows t h a t an isothermal h i g h i n this v i c i n i t y c o r r e s p o n d s to the l o w e s t t o t a l p e r c e n t a g e of s a n d s t o n e s . Scanning e l e c t r o n microphotographs of w e l l c o r e s and c u t t i n g s from s a n d s t o n e and s h a l e u n i t s r e v e a l c l o g g i n g , m i n e r a l d i s s o l u t i o n , and m i n e r a l p r e c i p it a t i o n a l o n g m i c r o f r a c t u r e s . Our working h y p o t h e s i s is that t h e s e sandy s h a l e and s i l t s t o n e f a c i e s are most amenable t o i n c r e a s e d microf r a c t u r i n g a n d , i n t u r n , such m i c r o f r a c t u r i n g a l l o w s f o r h i g h e r t e m p e r a t u r e f l u i d t o rise t o s h a l l o w e r d e p t h s i n t h e r e s e r v o i r .
Ongoing r e s e a r c h i s aimed a t a c h i e v i n g a c o h e r e n t g e o l o g i c a l model t h a t i l l u s t r a t e s r e s e r v o i r c a p a c i t y , and a t u n d e r s t a n d i n g f l u i d f l o w a l o n g major f a u l t s , l a t e r a l d i s t r i b u t i o n through f a u l t s h e a r zones, and v a r i a b l e movement w i t h i n d e l t a i c c l a s t i c s t h a t have i n p a r t been microf r a c t u r e d .
INTRODUCTION
Geological e v o l u t i o n of t h e C e r r o P r i e t o r e g i o n (Fig. 1) h a s been a complex blend of r i f t i n g , r a p i d d e l t a i c s e d i m e n t a t i o n , and l a r g es c a l e s t r i k e -s l i p f a u l t i n g .
To understand geotherm a l f i e l d s i n t h i s r e g i o n , i t i s i m p o r t a n t t o be f a m i l i a r w i t h t h e f a u l t i n t e r s e c t i o n s and w i t h t h e e f f e c t s of t e c t o n i s m and ka ter-rock i n t e r a c t i o n s on i n i t i a l s a n d s t o n e p o r o s i t y and p e r m e a b i l i t y . I n t h i s p a p e r , we f i r s t e x p l o r e a n a l o g s f o r t h e p a t t e r n of f a u l t i n g a t C e r r o P r i e t o and t h e n f o c u s on secondary p o r o s i t y and p e r m e a b i l i t y i n t h e producing horizons.
SALTON TROUGH FAULTING
I n F i g u r e 2, a d e t a i l e d c o m p i l a t i o n of f a u l t i n g i l l u s t r a t e s a number of f a u l t i n t e rs e c t i o n s .
These d a t a were compiled from more than 100 p u b l i s h e d and unpublished a r t i c l e s w i t h m n y of t h e s p e c i f i c key r e f e r e n c e s shown i n F i g u r e 3. The S a l t o n S e a area has a d i s t i n c t n o r t h e a s tsouthwest series of f a u l t s , each a p p r o x i m a t e l y F i g u r e 1. Lacation map of t h e r e g i o n a l geology of t h e C e r r o P r i e t o geothermal f i e l d .
F i g u r e 3. Key r e f e r e n c e map t o a r t i c l e s on S a l t o n Trough f a u l t i n g .
1972; ( 3 ) Henyey and B i s c h o f f , 1973; (4) G a s t i l e t a l . , , 1975; (11) Puente C. and Vonder Haar, 1980; (12) Gastil and Grummenscher, 1977; (13) Sumner. 1972; (14) S h a r p , 1976; Johnson and Hadley, 1976; (15) Goulty and Golrmn, 1978; (16) , 1977; Razo, 1976; Alonso, 1966; Reed, 1976; Mercado, 1976 ; Vonder Haar and P u e n t e C., 1979; P r i a n C., 1979; Corwln e t 1978; and Alonso E. e t a l . , 1979; (21) Puente C., and d e la P e b L., 1979; (22) Soto-P., 1975; (23) Crowe, 1978; (24) m s a m e y e r , 1976; Kasameyer e t a l . , 1978; ( 2 5 ) L o f g r e n , 1979; ( 2 6 ) Meidav e t a l . , 1976; (27) Twehey, 1977; (28) Chan and Tewhey, 1977; (29) 3 km l o n g between t h e Banning/Mission Creek s t r i k es l i p f a u l t ( p a r t of t h e San Andreas system) and t h e n o r t h e r n end of t h e Brawley/Imperial s t r i k es l i p f a u l t (Pig. 4; a l s o Meidav and Homrd, 1979).
S i m i l a r northeast-southwest t r e n d i n g a c r o s s f a u l t s a t t h e Cerro P r i e t o f i e l d (Fig. 5 ) have been confirmed by r e c e n t s t u d i e s (Vonder Haar and Puente C., 1979; Puente C . and de l a Pesa L., 1979). The northwest-southeast t r e n d i n g Cerro P r i e t o f a u l t and a p a r a l l e l f a u l t segment, t h e Michoacin f a u l t , a r e p a r t of a major r e g i o n a l lineament t h a t r e a c h e s i n t o Sonora ( G a s t i l and Krummenacher, 1977) and has c h a r a c t e r i s t i c s of b o t h a wrench f a u l t zone and an o c e a n i c t r a n s f o r m f a u l t ( s e e Vonder Haar and Puente C . , 1979). T h i s major r e g i o n a l lineament is b e l i e v e d t o p e n e t r a t e deep i n t o t h e c r u s t a l and basement r o c k s , which range from 7 km t h i c k in t h e n o r t h e r n Gulf of C a l i f o r n i a ( P h i l l i p s , 1964) t o as g r e a t a s 20 km a t t h e Mexican/United S t a t e s i n t e r n a t i o n a l boundary ( B i e h l e r e t a l . , 1964). This s t y l e of f a u l t i n g , namely a deep p e n e t r a t i n g r e g i o n a l f a u l t w i t h down-dropped blocks a t f a u l t i n t e r s e c t i o n s is important i n connection w i t h t h e occurrence of geothermal r e s o u r c e s because they a p p a r e n t l y s e r v e as c o n d u i t s f o r high h e a t flow. The o b l i q u e i n t e r s e c t i o n of t h e Pdtzcuaro f a u l t zone and t h e Hichoacdn f a u l t zone are a s s o c i a t e d w i t h w e l l s having g r e a t e r p e r m e a b i l i t y and a r e t h u s a r e a s presumed t o have i n c r e a s e d n a t u r a l convection. The p r o l i f i c p r o d u c t i o n of w e l l M-103, l a r g e amounts of l o s t c i r c u l a t i o n , and t h e s u r f a c e m a n i f e s t a t i o n s of t h e Laguna Volcano a r e a southwest of w e l l H-101, s u p p o r t t h i s conclusion. (See t h e articles by D e Boer, 1980; a l s o Valette and Esquer P., 1979, f o r magnetic and geochemical d a t a r e l a t e d t o t h e s e f a u l t i n t e r s e c t i o n s . )
Another f a c e t of f a u l t i n t e r s e c t i o n s i s t h e i r r o l e i n a i d i n g d i s t r i b u t i o n of t h e geothermal f l u i d s away from a deep p e n e t r a t i n g f a u l t such a s t h e Cerro P r i e t o f a u l t .
Such a f a u l t i s believed to be a l i n e a r o r perhaps even a d i s c r e e t p o i n t _. _ _ -s o u r c e a t a g i v e n moment i n g e o l o g i c time ( s e e k l a n e y and P o l l a r d , 1980). Such a s i n g l e cont r o l l i n g f a u l t should l e a d t o a f i e l d that c l u sters w i t h i n a few hundred meters of it. However, i n c r e a s e d p e r m e a b i l i t y , r e c h a r g e c a p a c i t y , and s t o r a t i v l t y that r e s u l t from t h e s e f a u l t s h e a r zones c r e a t e geothermal f i e l d s on t h e o r d e r of 2 t o 1 0 km widths.
WELL DOCUMENTED LESS WELL DOCUMENTED UNCERTAIN NORMAL
\ XBL797-2,2,A S t r u c t u r a l map of t h e S a l t o n Sea r e g i o n A t h i r d a r e a of c r o s s -f a u l t i n g is (Pig. 2) t a s e d on combined g e o p h y s i c a l d a t a . a p p r o x i m a t e l y 100 km s o u t h e a s t of Cerro P r i e t o ,
-3-where t h e Cerro P r i e t o Lineament e n t e r s t h e Gulf of C a l i f o r n i a . These f a u l t s have been confirmed by f i e l d s t u d i e s ( O r t l i e b , 1978).
Although t h e r e i s a n e n echelon s t y l e t o t h e Cerro P r i e t o f a u l t zone i n t h i s a r e a , f l o o d i n g frequency and d u r a t i o n d a t a (Vonder Hear and G o r s l i n e , 1979) i n d i c a t e that s a l i n e s u r f a c e m t e r s would hamper ground-level g e o p h y s i c a l s u r v e y s and d r i l l i n g of s h a l l o w wells for h e a t f l u x d a t a .
Presumably a geothermal r e s o u r c e i s p r e s e n t a t depth. S t i l l a n o t h e r f a c e t of f a u l t i n g i n t h e S a l t o n Trough m y p e r t a i n t o t h e o r i g i n of Cerro P r i e t o volcano and t h e a d j a c e n t geothermal f i e l d . Both m y be t h e r e s u l t of y e t a n o t h e r f a u l t i n t e r s e c t i o n , namely t h e meeting of t h e k a s i n bounding San F e l i p e f a u l t zone ( Fig. 2) with t h e Cerro P r i e t o Lineament.
There a r e o t h e r i n d i c a t i o n s of f a u l t i n t e rs e c t i o n i n t h e S a l t o n Trough/Upper Gulf of C a l i f o rn i a a r e a . Magnetic d a t a s u g g e s t r e a c t i v a t i o n of e a r l i e r r i f t i n g f a u l t s ( s e e de Boer, 1980) and r e g i o n a l g r a v i t y
d a t a i n d i c a t e t h a t t h e G i l a Lineament e x t e n d s i n t o t h e S a l t o n Trough from
Arizona t o n e a r t h e I m p e r i a l f a u l t ' s southernmost end.
TECTONIC ANALOGS TO CERRO P R I E T O
The Dead Sea r i f t zone, oil-producing h s i n s i n sou2hern C a l i f o r n i a , and t h e Afar r e g i o n i n A f r i c a , among o t h e r s , provide s t i m u l a t i n g comparisons t o t h e Cerro P r i e t o region.
However, perhaps t h e most u s e f u l models f o r f a u l t i n g f o r S a l t o n Trough geothermal f i e l d s come from t h e d e t a i l e d o b s e r v a t i o n s by deep d i v i n g s u b m e r s i b l e s a l o n g t r a n s f o r m f a u l t s and hydrothermal c e n t e r s i n t h e FAMOUS a r e a of t h e mid-Atlantic r i d g e and i n t h e Gulf of C a l i f o r n i a .
Underwater e x p l o r a t i o n of transform f a u l t "A" i n t h e FAMOUS a r e a i s summarized i n a t h r e edimensional block diagram (Fig. 6 ) . on a s c a l e a p p r o p r i a t e t o t h e Cerro P r i e t o f i e l d .
As shown f u r t h e r i n F i g u r e 7 , c r o s s -f a u l t s and normal f a u l t s extend f o r up t o 5 km on both s i d e s of t h e p r e s e n t zone of a c t i v e transform movement, which bas l o c a t e d i n a 200-m-wide c e n t r a l zone.
Rydrothermal a c t i v i t y ( Fig. 8) was noted i n t h i s zone, a s were numerous s t e p f a u l t s with a s much a s 250 m of cumulative displacement.
D r i l l i n g a t t h e mouth of t h e Gulf of C a l i f o rn i a by t h e Deep Sea D r i l l i n g P r o j e c t (DSDP) (Geotimes, J u l y 1979) r e s u l t e d i n a h y p o t h e s i s a b o u t t h e opening of t h e Gulf t h a t bears on i n t e rp r e t a t i o n of t h e s t r u c t u r a l geology i n t h e v l c i n i t y of t h e Cerro P r i e t o f i e l d .
The sequence began approximately 20 m.y. ago w i t h weathered g r a n i t e and a l l u v i a l o u t w s h g r a v e l s .
Perhaps by t h e l a t e Miocene (5 t o 1 0 m.y. a g o ) a r i f t i n g s t a g e took p l a c e w i t h l i s t r i c f a u l t s (concave upbard w i t h a d e c r e a s e d i p a n g l e a t d e p t h ) i n t h e basement.
Around 4.5 m.y. a g o , s u b s i d e n c e w s a c t i v e and t h e opening of t h e g u l f began, with a transform-faultr e l a t e d opening of t h e p r e s e n t g u l f around 3.5 m y .
( s e e a l s o T e r r e s and C r o w l l . 1979). To d a t e , g e o p h y s i c a l s t u d i e s n e a r Cerro P r i e t o have n o t r e v e a l e d l i s t r i c f a u l t s i n t h e basement.
Rowever, r o t a t i o n a l f a u l t s r e l a t e d t o e a r l y r i f t i n g m y be , 0 XBL 797-7503 F i g u r e 6. I n t e r p r e t i v e block diagram of a p o r t i o n of t h e o c e a n i c transform f a u l t "A" i n t h e FAMOUS a r e a of t h e Mid-A t l a n t i c Ridge ( a f t e r Choukroune e t a l . ,
1978). The i n t e r s e c t i n g f a u l t s and 200-m-wide a c t i v e zone of s t r i k es l i p movement w i t h i n a 4-km-wide trough s u g g e s t t h e p o s s i b l e complexity of f a u l t i n g a l o n g t h e Cerro P r i e t o f a u l t and w i t h i n t h e p r o d u c t i o n f i e l d .
Tra ns f or m Fa u I t "A" Famous Area Mid-Atlantic Ridge Magram i l l u s t r a t i n g t h e complex f a u l t i n g n e a r a n o c e a n i c transform f a u l t ; a p o s s i b l e a n a l o g t o S a l t o n Trough f a u l ts.
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F i g u r e 8. S e c t i o n a c r o s s t h e o c e a n i c transform f a u l t " A " based on deep-submersible d i v e s showing a c t i v e f u l a t i n g w i t h i n a wider f a u l t zone.
Zone (200rn wide) of E-W transform confined t o a r e a s 50 km o r more west and southwest of t h e geothermal f i e l d ( s e e G a s t i l e t a l . , 1979; Dokka and Merriam, 1979) . It is i m p o r t a n t f o r a g e o l o g i c a l model of Cerro P r i e t o t o i n c l u d e o l d e r basement f a u l t s t h a t may couple with more r e c e n t s t r i k e -s l i p generated f a u l t s .
Such coupling would i n c r e a s e t h e p o t e n t i a l f l u i d f l o w network a l o n g f r a c t u r e s t h u s extending t h e a r e a of maximum energy a v a i l a b l e f o r production.
Submersible s t u d i e s i n t h e Guaymas Basin i n t h e c e n t r a l Gulf of C a l i f o r n i a (Lonsdale and
Lawror, 1980) a r e a l s o i n t e r e s t i n g when c o n s i d e r i n g t h e geology of t h e Cerro P r i e t o f i e l d .
They show a transform f a u l t that has a s h e a r zone approximately 1 km wide. C r o s s -f a u l t s cover a n a r e a 1 t o 2 km wide, and t h e seabed has hydrothermal m i n e r a l s , which oxygen i s o t o p e s i n d i c a t e p r e c i p it a t e d between 220° and 24OoC. E a r l i e r i n v e s t i g a t i o n s i n t h e Gulf of C a l i f o r n i a by Sharman (1976) p r o v i d e y e t a n o t h e r i m p o r t a n t p o s s i b l e model (Fig. 9 ) f o r t h e zone between t h e I m p e r i a l and Cerro P r i e t o f a u l t s . As drilling progresses at Cerro Prieto reservoir modelers should c o n s i d e r t h a t m u l t i p l e b a s i n s s e p a r a t e d by u p r a i s e d b l o c k s were formed sequent i a l l y .
Perhaps such an arrangement of b a s i n s r e p r e s e n t s e p i s o d i c s h i f t s of t h e h e a t s o u r c e on a s c a l e of 5 t o 20 km.
Another a s p e c t of f a u l t i n g r e l a t e d t o s p r e a d i n g c e n t e r s i s i n d i c a t e d i n F i g u r e 10. The i n t e r s e c t i o n a n g l e between main f a u l t and c r o s s f a u l t need n o t be 900.
Thus the.geometry of t h e basins east of t h e p r e s e n t Cerro P r i e t o f i e l d can have m r g i n s a s much a s f20° from n o r m 1 o r parallel t o t h e major r e g i o n a l f a u l t .
F i g u r e 11 r e p r e s e n t s one of many p o s s i b l e modes of e v o l u t i o n of o c e a n i c transform f a u l t s . a n d s p r e a d i n g c e n t e r s . f o r they s u g g e s t p a t t e r n s t h a t m y f i t r e g i o n a l geophysics d a t a .
For example, t h e Tule Check geothermal a r e a 1 5 km northwest of Cerro P r i e t o could be a n abandoned f r a c t u r e zone, a s seen i n F i g u r e 11 (D) w i t h a remnant h e a t anomaly t h a t i s now c u t o f f from t h e main Cerro P r i e t o and I m p e r i a l p u l la p a r t s y s t e m .
These "cartoons" a r e i n t r i g u i n g F i g u r e 9.
I n t e r p r e t a t i o n of t h e e v o l u t i o n of t h e Carmen Basin i n t h e Gulf of C a l i f o r n i a ; a p o s s i b l e a n a l o g t o p u l l -a p a r t t a s i n s i n t h e S a l t o n Trough. Note t h e assyrnetry and m u l t i p l e -b a s i n formation between two transform f a d ts.
EARTHQUAKE DATA A map of e p i c e n t e r s and m g n i t u d e s f o r t h e S a l t o n Trough (Fig. 1 2 ) 
i n d i c a t e s a high d e g r e e of t e c t o n i c a c t i v i t y .
A s t o r y i s shown by a r e g i o n a l p l o t of microseismic e v e n t s (Fig. 13) . Our i n t e r p r e t a t i o n of t h e s e e v e n t s , most of 1 t o 3 R i c h t e r magnitude, i s t h a t they a r e predominantly a s e r i e s of northeast-southwest c r o s s -f a u l t s t h a t l i n k t h e I m p e r i a l and San Andreas f a u l t s .
Over 800 e v e n t s a r e p l o t t e d i n F i g u r e 14 with major c o n c e n t r a t i o n s a t 4 t o 6 km depth. The e r r o r on t h e s e d e p t h s could be a s much a s f 2 km, (G. F u i s , 1978, p e r s o n a l communication; see a l s o F u i s e t a l . , 1977a,b,c, 1978a, b,c) .
The f a c t that d e p t h s of o c c u r r e n c e a r e s h a l l o w i s i m p o r t a n t evidence of r e p e a t e d a c t i v i t y that m a i n t a i n s f r a c t u r i n g and a l l o w s f l u i d f l o w through f r a c t u r e s a t geothermal p r o d u c t i o n d e p t h s i n t h e F i g u r e 10. C o n f i r m t i o n of t h e concept that t r a n sform type f a u l t s need n o t be a t 90° t o s p r e a d i n g c e n t e r s ( a f t e r Sharman, 1976). F i g u r e 11. A c a r t o o n of t h e p o s s i b l e e v o l u t i o n of t h e San Andreas, I m p e r i a l , and Cerro P r i e t o f a u l t s i l l u s t r a t i n g where f r a c t u r e zones should e x i s t i f t h e s e f a u l t s a r e pure t r a n s f o r m types. F i g u r e 13. C e n t r a l S a l t o n Trough e p i c e n t e r s showing t h e c o n n e c t i n g a c t i v i t y between t h e I m p e r i a l and San A n d r d s f a u l t s ( d a t a from Johnson, 1979) . E p i c e n t e r l o c a t i o n e r r o r l e s s than 2.5 km.
ML r e f e r s t o l o c a l R i c h t e r m g n i t u d e . S a l t o n Trough.
More r e f i n e d d a t a on d e p t h s of e a r t h q u a k e s a r e needed f o r t h e Cerro P r l e t o area (Fig. 1 5 ) i n o r d e r t o document whether t.hese e v e n t s a r e i n t h e p r o d u c t i o n zone o r a t t h e i n t e r f a c e of t h e d e l t a i c sediment and t h e basement of g r a n o d i o ri t e , v o l c a n i c s , and metasedimentary rocks.
32" 25'
32" 15' -7-F i g u r e 15. Earthquake e p i c e n t e r s in t h e v i c i n i t y of t h e Cerro P r i e t o and I m p e r i a l f a u l t s ; d a t a from A l b o r e s e t a l . , 1979. T e c t o n i c i n t e r p r e t a t i o n s of r e c e n t movement between major en echelon f a u l t s are s u p p o r t e d by t h e s e d a t a and similar d a t a a l o n g t h e n o r t h -t r e n d i n g zone between t h e I m p e r i a l an3 San Andreas f a u l t s .
Figure 14. Earthquake d e p t h s i n t h e S a l t o n Trough
n o r t h of t h e Mexican-U. S. b o r d e r , a l t h o u g h d i f f i c u l t t o q u a n t i f y i n t h e S a l t o n Trough, show a c o n c e n t r a t i o n near geothermal f i e l d s i n a zone from 2 t o 6 km. ( R i c h t e r magnitudes, l o c a l ) .
SANDSTONE POROSITY
F i g u r e 1 6 ' r e p r e s e n t s t h e b s i s of a working h y p o t h e s i s , namely t h a t zones of lower t o t a l s a n d s t o n e p e r c e n t a g e , a p p r o x i m a t e l y 20% t o 50%, a r e better f o r geothermal p r o d u c t i o n than zones o f , s a y , 8OX t o t a l sandstone. This h y p o t h e s i s has two c o r o l l a r i e s :
(1) secondary p o r o s i t y caused by geothermal f l u i d s i s s p o t t y throughout a f i e l d , and ( 2 ) f r a c t u r e p o r o s i t y is r e l a t i v e l y g r e a t e r i n s i l t s t o n e s , s h a l e s , and sands t o n e s tha t have been d e n s i f i e d . D e t a i l e d comparison of s a n d s t o n e p e r c e n t a g e , l i t h o f a c i e s t y p e s , m i n e r a l d a t a ,
and r e s i s t i v i t y a r e i n p r o g r e s s but a v a i l a b l e i n f o r m a t i o n s u p p o r t t h e h y p o t h e s i s ( E l d e r s , 1980, p e r s o n a l communication; W i l t , 1980, p e r s o n a l communication).
Scanning e l e c t r o n microphotographs of we1 1 c u t t i n g s and c o r e s r e v e a l m i n e r a l d i s s o l u t i o n and m i n e r a l p r e c i p i t a t i o n , c l o g g i n g of p o r e t h r o a t s , and a p p a r e n t phases of overgrowth. S e l e c t e d photographs p r e s e n t a n i d e a of t h e s e f e a t u r e s .
A laminated s i l t s t o n e i n w e l l NL-1 a t 1888 m (Fig. 1 7 ) shows l i t t l e p o r o s i t y and l i t t l e d e n s i f i c a t i o n , while d e e p e r samples i n NL-1 a t 2720 m i n t h e p r o d u c t i o n r e g i o n ( F i g u r e s 18, 1 9 , 20) i l l u s t r a t e c l o g g i n g and p r e c i p i t a t i o n . F i g u r e s 2 1 and 2 2 a t 3209 m i n t h e same w e l l document a d r a m a t i c change t o a metamorphosed zone with reduced secondary p o r o s i t y .
Well M-38 samples a t 1215 t o 1372 m show c l a y and framework m i n e r a l s (Figs. 23 and 24) and M-3 a t 2203 m (Fig.  25) F i g u r e . 1 6 . Sandstone u n i t s d e f i n e d by r e l a t i v e l y c o n t i n u o u s major s h a l e zones. Within t h e p r o d u c t i o n reservoir t h e s a n d s t o n e p e r c e n t a g e , as i n u n i t 3, varies from 20% t o 50% w i t h a minimum n e a r w e l l M-14 ( s e e F i g . 5 f o r w e l l l o c a t i o n s ) .
-8-.
XBB 799-12528 F i g u r e 17. Low-porosity l a m i n a t e d d e l t a i c s i l t s t o n e from w e l l NL-1 a t 1888 m d e p t h ; f i e l d of v i e w a c r o s s t h e SEM photograph i s 0.2 mm.
F i g u r e 18.
XBB 799-12516
Sands t o n e showing mixed s e c o n d a r y p o r o s i t y and newly p r e c i p i t a t e d hydrot h e r m a l m i n e r a l s from p r o d u c t i o n zone of w e l l NL-1 a t 2720 m d e p t h . F i e l d of v i e w a c r o s s t h e SEM p h o t o g r a p h i s 0. 2 mm.
XBB 799-12511 F i g u r e 19. S a n d s t o n e ; c l o s e u p of t h e same sample a s F i g u r e 18. Note t h e long h a i r l i k e c r y s t a l s ( i l l i t e ? ) and wafer-shaped c l a y o r z e o l i t e minerals p a r t i a l l y f i l l i n g a p o r e t h r o a t between sand g r a i n s . Sample t a k e n a t 2720 m d e p t h from w e l l NL-1.
F i e l d of v i e w a c r o s s t h e p h o t o g r a p h i s 0.2 mm.
T h i s i s a n example of a l t e r e d s e c o n d a r y p e r m e a b i l i t y e f f e c t s . During sample p r e p a r a t i o n a g r a i n was plucked l e a v i n g behind t h e h y d r o t h e r m a l l y p r e c i p i t a t e d c l a y cement. Sample from 2720 m d e p t h i n w e l l NL-1.
F i e l d of v i e w a c r o s s t h e SEM p h o t o g r a p h is 0.2 mm.
-9-XBB 799-12524 F i g u r e 21. Metamorphosed v e r y d e n s e s a n d s t o n e from w e l l NL-1 a t 3209 m d e p t h . Note how g r a i n s were broken d u r n g sample p r e p a r a t i o n compared w i t h F i g u r e 18.
Sample from w e l l IJL-1 a t 3209 m d e p t h . Leaching of a c r y s t a l f a c e and a m a s s i v e c l a y m i n e r a l a g r e g a te.
Samples t a k e n from w e l l M-38 a t 1215 m d e p t h .
F i e l d of v i e w i n t h e SEM image i s 1.0 mm.
-10-XBB 797-9459 F i g u r e 25. N e a r l y p u r e s i l i c a t e m i n e r a l s (EDAX s c a n shows o n l y S i ) a d j a c e n t t o honeycomb c l a y s ( F e , Mg, A l r i c h ) overgrowths.
Both f e a t u r e s g r e a t l y r e d u c e permea b i li t y .
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